Introduction

8
Sexual reproduction requires chromosomes to undergo meiosis, whereby homologous 3 9
chromosomes pair, recombine and finally separate and migrate to opposite poles of the 4 0 meiotic cell. Meiosis is a highly conserved process initiated by the pairing of homologous 4 1 chromosomes that first recognize one another and then establish recombination-dependent 4 2
links between homologs to form the synaptonemal complex (reviewed in Roeder, 1997) . This
3
is followed by two divisions, first to separate homologous chromosomes and then to separate 4 4 sister chromatids. While accurate pairing of homologs is essential for the faithful segregation 4 5
of chromosomes (Naranjo, 2012) , chromosomes can pair along their entire length or in a 4 6
segment-specific manner where only some regions align (Roeder, 1997) . This suggests that
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Mapping RAD-seq reads to the reference genome 2 1 4
The chromosome state (absent, present or duplicated) was determined for each chromosome 2 1 5
of the four haploid parental isolates (3D1, 3D7, 1A5, 1E4) and 477 progeny, using RAD-seq 2 1 6
reads generated for each progeny mapped to the IPO323 reference genome. The 3D1 and 1A5 2 1 7
parents had all 21 chromosomes, while the 3D7 and 1E4 parents were missing four and one 2 1 8 accessory chromosomes, respectively (Croll et al., 2013 Patterns of chromosome transmission in the two crosses 2 3 0
Analyzing normalized read coverage among progeny revealed high rates of chromosome 2 3 1 losses in both crosses. In cross 3D1x3D7, accessory chromosomes 16, 17, 19 and 20 were 2 3 2 present in both parents but were missing in 1.6%, 4.4%, 0.4% and 1.2% of the progeny, 2 3 3 respectively ( Figure 2A ). In the 1E4x1A5 cross, accessory chromosomes 14, 15, 16, 18, 19, 
3 4
20 and 21 were present in both parents but were absent in 7.5%, 2.2%, 4.8%, 6.1%, 2.2%, 2 3 5
1.8% and 4.4% of the progeny, respectively ( Figure 2B ). We found no progeny lacking a core 2 3 6 chromosome in either of the crosses. underwent partial duplications and deletions, but we found no evidence for non-disjunction.
5 2
Chromosome 16 was both frequently rearranged (4.4%) and disomic (0.4%) among the 3 5 3 progeny in 1E4x1A5. In cross 3D1x3D7, chromosome 17 was disomic in 1.6% of the 3 5 4
progeny, while in cross 1E4x1A5 chromosome 17 was more rarely disomic (0.9%).
5 5
Chromosome 17 showed even stronger differences in rearrangements among crosses (4.4% 3 5 6 versus 0.0%). Chromosome 19 was both more likely to undergo rearrangements and to be 3 5 7
inherited as a disomic chromosome in cross 3D1x3D7. In contrast, chromosome 21 was both 3 5 8 more likely to be rearranged and to be inherited in a disomic state in cross 1E4x1A5.
5 9
Discussion 3 6 0 3 6 1
We used RAD-seq data generated for several hundred progeny from two crosses of Z. tritici 3 6 2 to identify aberrations in chromosomal transmission through meiosis. We found extensive 3 6 3 chromosome number and length variation among the progeny in both crosses. chromosomes of Z. tritici, because of their very low rates of recombination (Croll et al. 2015) .
7 7
In contrast to previous studies, our use of RAD-seq markers allowed us to directly detect 3 7 8 duplicated chromosomal segments by analyzing variations in sequencing coverage.
7 9
Our analysis revealed that all eight accessory chromosomes underwent chromosome loss segregation, all meiotic products from individual tetrads would have to be analyzed.
1 0
However, experimental limitations in the generation of large numbers of individual tetrads 4 1 1 prevent us from making more detailed investigations using tetrad analysis. 
5
Chromosomes with shorter telomeres are more likely to undergo non-disjunction.
6
Furthermore, chromosomes with higher degrees of synteny are more likely to pair correctly, 
2 7
Normal, disomic, lost and rearranged (partially duplicated or deleted) chromosomes are 6 2 8
shown separately for cross 3D1x3D7 and 1E4x1A5. Dotted lines show the expected number 6 2 9
of progeny for chromosomes that were present in only one of the two parental isolates. 
